Objectives: To evaluate the impact of a massive online open course (MOOC) design on the appropriate use of antimicrobial agents, to determine specific study areas with better learning outcomes and to identify weak points.
Introduction
Antimicrobial resistance constitutes an increasing threat to global public health, which has been recently described by WHO as a global crisis. 1 The appropriate use of antimicrobial agents is essential in preventing the development and spread of resistance, 2 but requires the development of continuous specific training for health professionals. 3 E-learning methodology has proved to be a very useful teaching tool in the professional field in terms of its effectiveness, costeffectiveness and interactivity, 4 and it could play a significant role in increasing awareness and improving antimicrobial prescription. 5 Massive online open courses (MOOCs) are a recent popular trend in e-learning methodology and have the potential to provide continuing professional development opportunities to healthcare professionals. 6 A monitoring and evaluation process is necessary to determine whether the teaching methodology used achieves the objectives of the activity. 7 Antimicrobial stewardship programmes are not an exception. One of the most commonly used forms of assessment are formative tests carried out after the activity and based on multiple-choice questions focusing on aspects of decision making. 8 Also, pre-and post-intervention tests enable participants to obtain further feedback on their behaviour and focus their learning on certain aspects of the course for a more in-depth uptake of the taught content. 9 Additionally, perceived experience as well as favourable or unfavourable issues not previously identified can be obtained through narrative feedback. The main objective of this study was to evaluate the impact of a course with an e-learning (MOOC) design on the baseline knowledge of the participants about the appropriate use of antimicrobial agents. The secondary objectives were to determine the specific areas of study in which better learning outcomes were achieved and to identify weak points to improve future editions of the course.
Methods

Methodology of the training course
This was a training course with an e-learning (MOOC) design performed at a national level by and for physicians and hospital pharmacists on the prescription of antimicrobials in the hospital setting, entitled 'Workshop to improve the use of antimicrobials in major syndromes of serious infectious diseases'. Its main objective was to improve knowledge on the appropriate use of antimicrobials for the main clinical syndromes of infectious diseases.
The course was delivered in Spanish, lasted 4 months and access was free for all interested health professionals. The characteristics and detailed methodology are available at http://www2.iavante.es/es/detalle-curso/ 2289.
The course was promoted in the context of the Spanish Institutional Programme for the Prevention and Control of Healthcare Associated Infections and Appropriate Use of Antimicrobials (known by its Spanish acronym PIRASOA) and supported by the Foundation for Progress and Health-IAVANTE Line.
Study design
This was a before-and-after study of a course aimed at training in infectious diseases.
We designed a questionnaire with 30 questions related to the management of infectious diseases in different clinical situations (2 questions for each of the 15 topics covered). Participants had to answer the questions based on their competencies, abilities and preparedness to approach each situation. Each question was rated using a Likert scale from 1 to 10, where a score of 1 meant bad, minimum or nothing and 10 referred to excellent, maximum or all.
In addition, a satisfaction survey including an open response section offered participants the possibility of giving a qualitative evaluation of the teaching activity.
The questionnaire was provided online to all enrolled participants before and after the course. Completion was voluntary and the questions were addressed through self-assessment of their competence and decisionmaking capacity in the different clinical situations (the post-test was completed 4 months after the pre-test). We considered the questionnaires of all the participants who had completed both the initial and the final test.
Variables
For every question asked, we analysed the scores of the participants at the beginning and at the end of the course and the resulting progress. We reviewed the items showing more notable progress and the aspects with higher final score.
Finally, a descriptive analysis of the qualitative evaluation of the participants was performed.
Statistical analysis
Frequency measures were used for the analysis of qualitative variables. For quantitative variables, data were presented as mean value and standard deviation.
For the comparative analysis between pre-and post-tests, we used a Student's t-test for paired samples or independent samples, as appropriate, and the Kolmogorov-Smirnov test for the analysis of normality. The threshold for statistical significance was established at a P value of ,0.05 (P values reported have not been adjusted for multiple comparisons). This analysis was carried out with the IBM-SPSS Statistics V24 software.
Ethics
The study was considered to be part of the evaluation of the course, so ethics committee approval was not required, and it was conducted in compliance with the relevant legislation on data protection.
Results and discussion
Of the 2148 professionals who started the course (mean age 39.2 years; 63.0% women), 1632 were medical doctors, of whom 492 replied to the survey (30.1% response rate), and 387 were pharmacists, of whom 93 replied (24.1% response rate).
The initial questionnaire was completed by 1226 professionals and 834 completed the final questionnaire. Of these, 606 (49.4%) completed both questionnaires and were included in the study for analysis. Not all participants completed both questionnaires because their completion was not mandatory. The characteristics of these participants are detailed in Table 1 .
The mean overall scores in the pre-and post-tests were 6.2 (SD 1.38) and 7.9 (SD 0.88), respectively, with an average increase of 1.8 (SD 1.21) (P ,0.001). We observed a greater increase in participants who were practitioners in training (2.0; SD 0.09) than in those who had finished their training (1.7; SD 1.22) (P " 0.003). Table 2 shows the results obtained for each question and the comparative analysis between the beginning and the end of the course for the 606 paired completed questionnaires. For all the questions, there was a significant increase in the self-assessment results after the course compared with the initial assessment Pérez-Moreno et al. Continued MOOC on the appropriate use of antimicrobials JAC (P , 0.001), which reflects a very positive impact on the management of serious infections, and it follows that an e-learning tool may be helpful in improving the prescription of antimicrobials. 11 In fact, the score increased by at least 2 points for 11 questions and between 1 and 2 points for 16 questions.
Some areas of study had a greater improvement (.40%), such as knowledge of criteria for monitoring plasma levels of vancomycin (52.1%), which should be considered a strategic point, because the use of suboptimal dosing regimens of antibiotics can substantially contribute to the development of bacterial resistance. 12 Other areas were antifungal treatment of post-chemotherapy febrile neutropenia, treatment of febrile neutropenia in lung cancer patients, treatment of candidaemia and ESBL-producing Enterobacteriaceae infections, and training in criteria for the diagnosis and empirical treatment of ventilator-associated pneumonia (56.4%, 48.3%, 48.0%, 41.9%, 43.5% and 41.1%, respectively). These patients have an increased risk of mortality and could therefore benefit more from adequate management with antimicrobial treatment. [13] [14] [15] [16] The items with the best final score (.8 points) were: evaluation of the importance of bacterial resistance at global and national levels; attitude towards sequential therapy; combined therapy for inpatients and treatment with amoxicillin in community-acquired pneumonia for outpatients; comprehensive treatment of septic shock; sense of confidence for switching from intravenous to oral treatment; management of Staphylococcus aureus bacteraemia and of MRSA skin and soft tissue infections; and interpretation of a positive urine culture in catheterized patients.
A qualitative assessment after the course was provided by 218 participants, with 225 comments (Table S1 , available as Supplementary data at JAC Online). The most common ones were very favourable and highlight the positive aspects of the course (teaching capacity and methodology used). This reflects the importance given by health professionals to e-learning courses for their professional development, particularly in the management and control of infectious diseases. 17, 18 Despite this, some comments showed aspects that could be changed, such as a more structured theoretical content and a summary with key ideas or technical problems with the platform. These largely coincide with published studies that compare e-learning and traditional methods. 19 Furthermore, other comments suggest expansion of the areas of knowledge to other ones, such as primary care, because the course was aimed at addressing serious infections in hospital settings. However, most participants were specialists in family and community medicine, and this aspect may well have confused the picture, but it shows the interest of these professionals in further training in infectious diseases. General practitioners were invited to participate in the course because it was of the open access type, and in Andalusia many general practitioners work in the emergency departments of hospitals and the course covered issues of interest to them, although it could be a limitation of the study.
As limitations of the study, we should mention that only about half of the participants completed the pre-and postquestionnaires, so they may have been completed only by better trained participants. Additionally, the inherent limitations of pre-/ post-intervention studies, such as history, maturation, test effects and the regression to the mean effect, must be considered, 20 although the short period of time that elapsed between the pre-and post-tests may have minimized these effects. Finally, the fact that scores were based on self-assessment may have led to greater before-after differences. For future activities, this subjectivity should be avoided by requesting participants to complete a baseline knowledge test. Nevertheless, the self-assessments performed provided valuable information on the perception of health professionals of their own knowledge, clinical decision-making capacity and self-confidence.
Conclusions
Our course with an e-learning (MOOC) design has shown considerable teaching capacity in the infectious diseases area for all the clinical situations analysed, with a greater scope for improvement detected in pharmacokinetic monitoring of antibiotics and management of post-chemotherapy febrile neutropenia, candidaemia and ventilator-associated pneumonia. Pérez-Moreno et al.
The degree of learning after the course was high, most notably in knowledge regarding community-acquired pneumonia, septic shock, S. aureus infections and switching to oral antibiotics.
For future editions of this training activity, the need to include other infectious diseases, especially infections in primary care, was highlighted.
